a-Si: H produced by high-temperature thermal decomposition of silane a )
H. Wiesmann, A. K. Ghosh, T. McMahon,b) 
and Myron Strongin
Brookhaven National Laboratory, Upton, New York 11973 (Received 18 September 1978; accepted for publication 27 November 1978) Hydrogenated amorphous silicon has been deposited by a new technique of thermal decomposition of silane from a hot tungsten or carbon foil heated to about 1600·C. Initial measurements indicate that the resulting films have a fairly high photoresponse. Introduction of ammonia along with silane is seen to enhance the photoconductivity quite significantly.
PACS numbers: 72.80. Ng, 72.15.Cz, 72.40. + w, 81.15.Lm In this paper we report some initial measurements on aSi films with hydrogen produced by a new method of thermal decomposition of silane.
l Dark conductivities are comparable to films produced by rf decomposition of silane while the photoconductivity is only down by an order of magnitude. The process could offer some advantages since it is essentially a high-vacuum process where the silane pressure is of the order of about 4 X 10-4 Torr. The films are made by directing a beam of silane at a tungsten or graphoil sheet held at about 1600'C by resistive heating. A heated substrate was mounted above the hot sheet and the reaction products from the thermal decompositions are collected. The silane was directed at the target by means of a simple copper tube, and with this simple arrangement it took about 30 min to obtain a 25OO-A. a-Si film. We expect that with better shaping of the gas stream and the graphoil target, that higher rates would be possible. The ambient pressure before evaporation was in the low-IO-6 -Torr range and rises into the low-IO-4 -Torr range, indicative of the partial pressure of the silane and its decomposition products during deposition. The room-temperature photoconductive properties of these films without the addition of other gases are vastly inferior to films made by rf decomposition, and some of this data are shown in Figs. 1 and 2, i.e., films A, C, 0, E, and F. Here, the photoconductivity is plotted as the electron-mobility-lifetime product 1"17] where 1] is the efficiency factor. The samples are uncorrected for the incomplete adsorption due to a lack of accurate data. 1"17] can be related to the measured experimental quantities by the relation
Here, ip is the photocurrent measured, No is the number of photons falling on the specimen per second, R is the reflection coefficient assumed to be -O. 3 for the energies shown, I is the gap length, and E is the electric field, typically, 10 3 V / cm. There are some interesting features of this data. First, films made by decomposition from a graphoil sheet were alWork performed under the auspices of the U.S. Department of Energy. blpermanent address: NWC, China Lake, CAlif.
initially better than films made from decomposition from a tungsten sheet. Second, we found that as a graphoil sheet was used for more films, the photoresponse of the subsequent films deteriorates and the cooler parts of the graphoil can be seen to have large amounts ofSi. Of course, we do not understand the details of this process and especially why tungsten is not as favorable as graphoil. The temperature of the tungsten filament was low enough so that tungsten impurities in the film seem improbable, and it is possible that a catalytic process occurs on the surface which makes the graphoil better. We believe that the graphoil is initially effective because much of the silicon is being absorbed in the graphite, giving a large hydrogen: silicon ratio. This ratio gradually decreases as the surface becomes saturated. This is illustrated in Fig. 2 , where the growth rates for three consecutive films grown on graphoil are seen to scale approximately with their photoresponse. The exact nature of the species coming off the graphoil surface are unknown and probably consist of free-silicon and/or Si-H complexes. It is assumed that for the Table I . hydrogen coming off to be effective, it must be in the atomic form. Another possible reason for the decrease of film quality is perhaps due to Si-C compounds being formed which have a vapor pressure much higher than that of the graphite.
In order to attempt to improve the photoconductivity of the films, a variety of gases were directed at the hot foils or admitted as a constant background pressure. Molecular hydrogen and methane had no beneficial results. However, the addition of ammonia, as a background gas, led to a significant improvement in the photoresponse. This is illustrated in Fig. 1 , where an "ammonia" film G is compared to films made on tungsten with and without ammonia and a film made on graphoil without ammonia. The room-temperature photoconductivity of the best film is only an order of magnitude below the films reported by the RCA group. 2 It should be noted that the ammonia was not particularly effective when directed at the foil.
The temperature-dependent photoconductivity and dark conductivity for a film deposited in ammonia from a carbon foil taken after the film was heated in vacuum to 175·C are shown in Fig. 3 . The dark conductivity is 4xlO-8 (lJ -cmtl at room temperature and exhibited a dark current activation energy Ed -0.7 eV. These results would seem to indicate that either the films are not doped with nitrogen as has been observed for sputtered films 3 or that nitrogen doping does not strongly affect the Fermi level of the a-Si : H. It is also possible that the nitrogen which is present is multiply bonded and like hydrogen may be compensating potential dangling bonds in the sample. At present we have no estimate as to the amount of nitrogen in the samples. We tentatively assume that the large increase in the photoconductivity is due to additional hydrogen which is supplied at the surface of the growing film where the ammonia is catalyzed to it equilibrium state, i.e., 2NH3-+N2 + 3H 2 . We assume that hydrogen available from the ammonia decomposition can be available on the surface as atomic hydrogen, which can react with the silicon surface 4 with the excess forming 
